In this paper we do not wish to deal at great length with the technical details concerning the properties of BGO as an efficient y-ray detector. Rather, we cover some of the considerations on how to effectively incorporate BGO into complex detection systems, discuss some of these new systems now in opration or under construction, and stress the new physics to be learned by utilizing these In reviewing the significant achievements in nuclear physics during the past 3-4 decades, we recognize that they are closely related to the advancement of the technology of nuclear radiation detection. In nuclear structure physics, for example, the use of sodium iodide (NaI) for y-ray detection firmly established the field of y-ray spectroscopy, which subsequently led to a confirmation of the predictions by Bohr1 of nuclear rotational motion. Thus was demonstrated the existence of non-spherical (deformed) nuclear shapes. With this detector technology, experimentalists were able to study strongly populated states in nuclei up to spins of about 8-10.
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To appreciate the present status of y-ray spectroscopy, it seems appropriate to first review a bit of the history of the field and then to show some of the recent results based on data taken with coincidence arrays of germanium detectors and
Compton-suppression spectrometers. At that point we will address the first impact that the use of bismuth germanate (BGO) detectors is having on our understanding of the properties of nuclei that have been excited into states of high energy (E) and very high angular momentum (I) . BGO uses in this area are really in their infancy, but it is rather clear that the utilization of these detectors with their large stopping power for y rays will play a major role in unraveling many of the mysteries of the nucleus in these extreme conditions. In reviewing the significant achievements in nuclear physics during the past 3-4 decades, we recognize that they are closely related to the advancement of the technology of nuclear radiation detection. In nuclear structure physics, for example, the use of sodium iodide (NaI) for y-ray detection firmly established the field of y-ray spectroscopy, which subsequently led to a confirmation of the predictions by Bohr1 of nuclear rotational motion. Thus was demonstrated the existence of non-spherical (deformed) nuclear shapes. With this detector technology, experimentalists were able to study strongly populated states in nuclei up to spins of about 8-10. The advent of the high-resolution germanium (Ge) detector in the mid-Sixties and its use in y-y coincidence techniques greatly expanded our knowledge of nuclei and ultimately led just a decade ago to the discovery2 of the "backbending" effect. This discontinuity in the rotational motion became the focus of many experimentalists and theorists. This effect is illustrated for 160Yb in Fig. 1 The ability of the spin spectrometer to select nuclei formed at low excitation above the yrast line and very high spins has been employed in a very recent spectroscopy experiment in which six of the Nal elements were replaced with Ge detectors for a study7 of the nucleus 160Yb. The power of the spin spectrometer has also been demonstrated in recent energy-energy correlation measurements on the -y-ray continuum. This sea of y rays emanating from the many collective bands running parallel to the yrast line contains valuable information on both the effective moment of inertia and the collective moments of inertia within these bands. These experiments reveal clear indications of both a spin and a temperature dependence on these moments of inertia. However, due to a lack of high resolution detectors with a large peak-to-total ratio, such experiments are now restricted to only light nuclei with small moments of inertia.
Among the major strides made during the past two or three years has been our improved understanding of high angular momentum phenomena at a microscopic level. This is true for both the experimental and theoretical approaches. We now recognize that refined y-y coincidence spectroscopy, coupled with measurements of electromagnetic properties (g-factors and lifetimes of states), can identify most quasiparticle alignment processes in addition to the first backbend, can show the gradual destruction of nuclear pair correlations, and can provide us with a map of the interplay between collective and single-particle degrees of freedom -a map that shows us the evolution of the nuclear shape with increasing angular momentum.
We have emphasized some exciting new accomplishments in high-spin research; but, at the same time, we are acutely aware of the limitations with the experimental apparatus commonly used when we seek to measure discrete y rays emanating from states with spins above 30. Similar difficulties also exist for Y-ray continuum studies of states at 40-60 Ii.
Certainly, these are spin regimes that contain the answers to truly fascinating questions. For Fig. 3 a standard (unsuppressed) y-ray spectrum for 162Yb formed in a compound-nucleus reaction and in the lower panel the spectrum resulting from a very modest Compton-suppression factor of about 3.5. It is apparent that, even with suppression factors of 3-4, many very weakly populated states can be studied. In this case Nal was used in the four Comptonsuppression shields. However, if we are to achieve the goals for a detection system as discussed above, we must use a large number of detectors. These must involve from 40-70 units arranged in such a geometry as to yield good total energy and multiplicity information and must include a sufficient number of Compton-suppressed Ge detectors to yield the high resolution y-y coincidence information. Obviously we need a more dense material than Nal in order to get an adequate number of suppressed Ge detectors close to the target. This is where BGO enters the picture.
BGO, i.e., Bi4(GeO4)3, is an inert, crystalline .8
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where p is the peak-to-total ratio after suppression, po is the peak-to-total before suppression (po=0.15 used in this case), r is the rejection factor and k is the coincidence fold. The improvement in the quality of data is nearly linear up to rejection factors of about 5-6 and after 10 the curves level off so that the added cost in achieving higher suppression may be questioned. To determine the feasibility of an experiment one must always assess the rate at which data can be taken. Thus, we must determine the minimum number of suppression units to achieve practical data rates. This is done in Fig. 6 to the target through this array. In the next stage of development they will increase the number of suppression units considerably by using smaller volume BGO suppression shields. However, with the present units they have already been able to achieve very impressive results.
In Fig. 8 we show But as can be seen in Fig. 9 , the quality of these data in providing quantitative information on states I-36-38 falls far short of the data in Fig. 8 We have proposed the replacement of 17 of the existing pentagonal and hexagonal Nal elements in the spin spectrometer with suppression shields comprised of 0.4-inch NaI at the front face followed by 7 inches of BGO. The purpose of the front 0.4-inch Nal is to provide the maximum light output for low energy "backscattered" photons. Each unit will have a 2.5-inch diameter axial opening to permit insertion of a large-volume Ge detector.
One problem with the axially configured suppression shield is that it is difficult to achieve a high rejection factor with it. In our case we calculate (from simple single-scatter considerations) this factor to be 6.5. Monte Carlo calculations now in progress will probably yield a somewhat smaller value. A difficulty is that forward-scattered (high-energy) photons are lost through the axial opening and, thus, contribute to an excess level of low energy counts in the primary spectrum. 10 . Illustration of a full Compton-suppression pentagonal detector assembly to go in the spin spectrometer.
In conclusion, it seems quite probable that, with the advent of these new detector systems incorporating BGO, we will be able to make major strides forward in our understanding of nuclei at very hiqh spin and high excitation. That is not to say, however, that all the detector needs for y-ray spectroscopy have been mastered. As we seek out the finer details in these y-ray spectra that contain the keys to a fuller understandino of the properties of nuclei at very high angular momentum, we are constantly pressing for improvements in detector technology. In the absence of a primary detector of better resolution and better photopeak response than germanium offers, we must continue in the search for Compton-suppression shields that provide the maximum stopping power for photons and yield improved light collection enhancing both good timing and good resolution. Large arrays of these detectors further demand improved technology in miniature light collection devices such as light-sensitive diodes that permit the demands for a very tight geometrical arrangement.
